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well ms Molofieal n^ i^fiiii^ fl i» om of th@ nost ij^^rtwat 
gradimi^ of eJlooteri« po'^nttialt liydfostttio prttsurt ami 
e(»ie@aitmtloii •to,« a ¥ai*le% of tnniapert •^s^maemmk tfttet 
plaoe ftomaa -^ M aeai^ fimi» (1)« 
During ^i» lm% two d«e«i®s« tlie «tud^ of ttioa* ^glbmiommA 
has rtoeimid apa< i^al atl;ffiitio»« ftaa^r^iafa AraAm f^ !*^ i i^iloua 
ooatritiutifms in tliis fiaH« C^fiioal oBgiiiaara 9M i^%LatSt 
utilising artifioial wm^siimmik md UmiT aairaml aodifl^d foxiui 
triad to uiidftrstc^ tlia aoetaaalaGi of tarai^ port witb a vlaw to 
falnleate mm mg^Bism»n of aa^ dosirtd propart^ or prop«*tiaa 
aaioljr for iMustriaS. tiaaa C2}# liolij^iata§ on "^HBF otisNr ittud 
tzlad to tase mm aA aiapla aodala §dr pi^aiologloal soskl»rsi»« 
in oi*der to tsBkdarstaad i^a iMrhsvioiir and fiyuouitioBiiiiE of oonDilax 
eoU atadsraaaa (3)* Itemiooloiia^t }mmm»$ uaad 1 ^ iKaowladie 
to imdarataad tlie oontrollod doHvaiy o^ dxvsi to t ^ i r reii>ao* 
tiv® targota in tb@ twdy* H^ ttc^aologioei datalopionl of 
artifioiaX aaE f^ianas ia promoting new diamaiona to riiilaoe 
o 
Li 
Ommyim or dMd MologieaX aeal»i«nM« fte ^ l a t «f2i»rti of 
ehealAtSf biolofilats and i^sioaX &ng^kamr» littve got ooiiftl4#r<» 
AtOe mmmB i s t ^ pftrtl«alar aiwi of ttrtifioi«l Kliaoy (2)* 
In order to uandorstmd 12i« wchiiniww of tf«ii^ortt 
iMitli HMKHPotioal and wanafiJMiital studioa am of laMtttMi iso&t** 
WF ^ pr ^PiP^ IBWi^^lP'^^^» ^Wr ^ p ^ ^ ^ ^^BIp^PP' HP^^^^^^ • ^ • ^ ' ^ 1 ^ ^ niP PP ^••^^^^•^^'w ^pw^Hpv v V ^^^•^^•PWWr^^ m r ^IP^P HIP ^P' ^ ^ ^PP^^^^"^^^P"^^^^^^^ ^ ^ • ^ ^ • ^ ^^^w 
taneo* tim tmawl»dm of aurlSMe oNalsttyt eXottriMiioflilatiiyf 
solution dieKLsti7t tlnfaodyntalost diosdoaX maotioa asoA nor* 
phologloel and MooboaioaX Imrattleattons of l ivias tlaffiio* hso 
or i.«(i« aoroas tha nei&ivna aijrataBSf Xn addition X*raar studlast 
nautron dlffimotlott» flnoraaoanoa stodlaa and aXaotroa «loii>* 
acopy have boon q^ttt advaataflMua in aaslgalnc tiie atiuctyiraa of 
various cooplox oalX saabraaas (4)« 
Raotaiit yaara hava wltaassad tha aaturatlon of axparlawntaX 
oei^rane selanoa throui^ tha appXloatlon of a wlda varlatgr of 
techQl(3^ ies« An oeasn of raaaarah aetlvltgr In ^ I s flold during 
tha past fair dseadas reaultad in an msffoafrntiaX groir^ of puhli* 
cations in tha fora of raaaaroh paparsf Bonographs« rsviaifs m& 
boolcs davotad totally or partially on tha dlffarant aspeots of 
oesibrana phanonana (1<^)« t<tfcahntnaray«Balah (6) aaii« an 
Bdvuioad and quantltatlva daserlptlen of dlffarant transport 
phanonana and pnra a oohemlva and ooqpleta suiaaary of tha j^i^imkk 
and aathaaatlcal nodela for artlflolal as i i^l as hlologloal 
mm\)mm aystMos* Ut also (6) dlseusaad tba naoasswy ralstlons 
3 
tor tile dttseriptlon o£ ioale fluxf dltfimi(m$ metAfxwom potential 
and biionie potentials at6«t and pnyvl4i«d a datailad aoommt at 
transport aodela baasd on Idnatlos and nonaqiiililiriiiB liisfiaoid^ma* 
laios* 
starsak (a) appXlad pligraieoX ctwnlstrar as an iovalualola 
tool for dasoriblng mmtomim assoelatlon» ooapoaitlcm md trans-
port* Sy anlistlng l^ asio oonaapts in t^naodynattiesf icinstiasi 
and aurfaoe seianost i t i s daiaonstmtod ttiat atf^rsna prooessas 
are gcyvemod fajf pliarsioal and aatbaaatiaal iMfS* It oovers 
basic aleetriei'^ and nsiaatisa and asetandad Into dipols latar* 
various thaoriaa to nodal liiologioal nnsbraaaa M^la aaylaining 
iqpadmoa ate* of basie AC circuits* 
Msiriaraaias aay ba solidSf liqMids (17) and tlia outar pliasM 
ara usually li(iuids or solids but a&am tiaas laajf ba flsaaous (25)* 
Ho8ii}rsnos are diaraetarisad as porous or noa porous dapandiiig 
upon liio oxtttat of solvont psiietmtioii (2}« 
Tim aofsbrEines are esoaraUy dafinad bgr ttM tarn *obar0sd* 
or *tindtiar£^** Usually eliarsad nsalKraass am asirimaias suoli 
sites ara ^lar^* V2iafaas unoharged Daubntfiss aiHi tlsoM liics 
eelXopliana i^oli have no fiaeid eliarses (299)* 
KobatalGB g^ jjyl* (24) studied ooupling between a i^ sdoic 
• ^p^w i^p ^ p^^^iP''* •••^Biw Jw^^w* w a ™awwa^pi'%F«* a^ mMBw VB*a VMPA eMaw'NaaPMii'awat e^^w^Bw r^^ t B^BwHia "^^y as •wi^wa(p 
lAmi • ftiuoiiig ftgcoit and an aieiilliliis agmt if»r« i^pwmted bar 
an orgifiia liqgyiM nea}»«iia ooatainiaf an alaotron aadiatort a 
Xii»^;a)ilia anion iias traaaportad against i t s elaotfo^ianloaX 
pot^UaX differaooa* AlaOf a tronsmi^raaa radax raaetian 
oeeurrad againat ita fraa mmrey dif£trwaoa Lilian a emmmttmtimi. 
The rata of tranafereaea of ^Scm lip^siillie anion una found to l»a 
approxiaatel^r equal to tbat of the rsdox r®aotiOtt» iniilaating timt 
the trenastesihrmaa rodox z«action uma tightly oouplad with lim 
tranaport in the ohaaxvadl 3yataa« 
S^ oagual i25) oonaidmiHKl a nodal Sot tho tnm^^rt 
throu^ aao^rsaaa* In ^lia aodal» liia aaahnuia ana traatad as 
i s dateminad tr&m tho tmnaalaaion ooatfieianta of tha harriMTt 
plaoad at both aidea of tb§ aanhraae* tha aathaoatioal d^rii^ ** 
tioaa for tha tianaportf in tha aaaa af aoaU 9amp(ff diffaranaat 
naa ohtainadf ahieh la partiaularinod to tha aaaa* that tha anaray 
diffarwaoea aaa oauaad hy a tonsiomtura gradiantf a oone«atz«ti«ai 
gradianty and ho^ gradionta aeting taflBth«r« In aJUl oaaMt undar 
eortain Xiaitationot ftofnally idantieal a^uationa to thoaa of tha 
thanaod r^nanioa of irravaraihia prooeaaaa vara obtainad* 
Tha aff eeta of viaooys tlom on ttaahrana tvamport hava 
bean oonaiatently taitan into aooount reeantiy in aactfoaeople 
r J 
mmjllm %m^ to teUt isotfetxiatl mil otHUot^rml tiWB >^ort> 
term ma «itiier 1>9 vrittm «q^Midt3^ r to tlit trauM p^ert ^itati^ist 
diffusl^k 21k« tittBsport e«>etfiei«ists« iamtbi&t mmtm&imaais %» 
rslated 'to •eal«pftf«^bi31^ aM Qaaajir r««lproei1^# If mm 
sdpejemtivo visimui flow ic mammsA^ mwiw^frmmMM li^wirimir ca» 
tiot \m attained lagr sii^lA ia«ai9iilati«& of traiiai»ort m%tti,e3um% 
bttoatftSQ tlia vlaooiui fiMt dbMSMX vt&wijSMdi a ^MnHMaot Ijt&lc. Jodr aUL 
reeipr^ei^ is Iost« la faoti oasaior i«oiprooitgr i s ioat tdbtan* 
ov«r ttio Q a^jraotar of a nmii^ naiMi aystttt i s saffioiantly ooaiplax to 
i^^ire extm perasotaf^ tmt tUt 4««srlptioa of ti!«Bi^ »oi*t« tmm 
axt^a paivBotoFs oeuuMi *^ tit isttNilciag of i^M f^SMHsiy of tte tivas'<*' 
port ooaffieiffiEits (27)* 
Hofferanos aro eitliar aatuzml or artifioial« k aaturaX or 
biologioai wmBSBmsm i s a Warrior asad Igr aaturo to waltrtBin ia 
mmtf Qeiif ' ^ iatafnal eiNiditicKis ^saatiai far t ^ 'gmtammm 
of i t s fuaotiwBiSi i«o*f for i i fo itMif* la iiirtog orfiaai^m tlia 
QoabroBo fiOfiiJls tte nslm of so{iaratiiM( tifo rogioas mA af aetiag 
as a barrior i^% mist l>@ alido to cloai adxl ep«a # ffeM trsiaiport 
of iB t^tar ae^ ross the aM^ i^ iraae talsas aiacw aasaiitially tax ttit laasis 
of tMO iRtehanJUHit one ia ma solnetlvti aeroM iwra or Ittsa 
wide portA and ehaimtXft» titm otiuir i s apeciXie of a ««ltt«tiira 
paraaabiliiy vlidi^ mn \m olian^ ad acoardlng to tlMi nmA& &t oell« 
e.gtliijr ssazMi of earriars iHsieli oait apaeitioalli' ^nmapart ana 
kind of partiala* In ^ba aaaa of apaaifia and aaXaatina trtnt* 
elaetriaal and aXeetrodb^ s^ieal ffhanfMBtTiia oecuftt lAiiali are funda'** 
BantaX and in turn ro^tlata tba praaaaa* In viav of tHa faot 
that tha regiooa aapanatod ty aoiibr&naa ara noxiBaXiy iao«offK»tie» 
the transport of aattar aeroaa tha aai^ xwaia aust ^ ao^ emad Igr 
faotors other than the diff^raoea in aaaotie praasura# Tharafora» 
the at^ianiaa mat ba an aiaatroeheaiml &a»§ i s faat i t i s 
posaibia to aaasura alaatile tai^<m that ara diffarad fraa mro 
i t fm^ j t %^wwP ^Wi^ ^Ht ^i^iB^^llP•l•^i^ ^ u a i ^i^^a^^p w^^^^w^^^wim WB^^PBWWIP WMI^PK ^tr wF^Bpa^^R'4' W^r ' " a a i a ^^w^^af ^^^w^^" ^••^^'i^ 
oaaotie ragioaa (28)« It ia tha aall aaohKaaa ahiah initially 
responds to the interaction of the eell vith tlia other aolaottles 
in the oatsids anttronnrat* OMierall]rt a hioloeieal aaQ r^ena i s 
a ooaplax integrated s^tea of lipidst proteins and aarfmhgrdrates 
and eoaaafpentiy its properties are hii^ hl^ r d e^ad«Eit upon tha 
preeise noleoular arrangraent (29)* 
Liquid •etahranes have heen used tor s^ qparetioii of oetals 
and as a aodel of hiologioal oea r^anea for studying the truisport 
of different solutes (saltst aetaholites» dru|gieto«) either 
faoilitatad hy aarrier or not (30*32)• In earrier asdiatad trsns* 
port through liquid neiBhrsnast transport nte and seleetivi^ 
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d«SHBkl8 OH earritr propttrtlQC* Hon^qiifloiis Xl<|ulda ••!•§ 
InitanoX* pentanolf dl«iiloro9ttmxm$ ete» ar« aainly UMMI as 
Xic|il4 aM^raoes* SrlvaitttVft j ^ |J^ » (53) utiHttd varioua 
MologloalXy aetive OOB^ OOIMIS M liquid aombiwitt* 
There i s ft mpidSy emarg&iig 8Cltiitljti« dlfteiplliui 
cm iaeigi»iiiiie mediated and iiim»lrad ixroooaaas la orgmiaad mirfae* 
tant i^stffWt ulileh ia eOaasifiad aa *Maiibx«iia lilaatle Glumlatiy* 
(12.34). 
Aeeordlng to F&acllar (12»34) aoma ii^ortaat taraa uatd 
in aeabx^ al» acianoa arai (a) KioaUaai l^ ieae ar« fiiliaxlea}. 
aggragataa (40«80 A*' in diaMtar}t 4yaanioal3y Doratd trtm 5(M00 
aurfaetaat nolaoulaa abort a oharaetarlatio ooaeaatimtiaa i .a*. 
the eritieaX oioaXXe oonoantratian (en») in natar* (b) Meoiolayart 
The spreading of a aolution o£ 8ur£aotaat or lipiA in a niolatiXa 
aoXvcnt Msulta in aonoiayar fonaation at tlie air mter inter* 
face* i^reftdiag ia parfamed in ttm La&fMdLr trougiif idiie^ 
eontrola tlie aurfaoe area and praamira* Teoliiiqiaat are avaiiAbla 
for txmmtXerring the oonolayara onto a aoXid aiQiport msd for 
building \^ arginiaed ailtilajrera in oontrollad t^iwlogicai 
arrangeisanta* (a) Bilajrer (Blaidt) Upid Heahmna (UJf)i fhia ia 
foroed b^ r bniahing an organia aolution of a aur^atant aeroaa a 
pin hole aaparating tm aquaous idiaaeaf The initially foraad 
film i s rather tMok end reflaata idiita l i # i t wit^ grqr eolmxe* 
s 
tfitliiii a tmt slnute Vm i l ia thlas asxl reil«et» liglit i^ il<sh 
oa^Mts laterferenoe eoXcwr that ultiaatol^r turns l^ taek* At 
that point t^e stxucture i s s»isidsrs<l te las t»iiaols«t»lar 
(4iO«60 A^  thii^)* (d) Vssioiest Slisss mm slessd tiiligpsr aiXti* 
laasllsr osisn Uks strueturss (1O0O«QO0a A^  in disastsr) forasd 
on awsXling of surfaotants* SonieatioD Q£ mitilttssllar ^sic lss 
above th« teapsraturs st i^idi thsy SM tnuuirorasd £ron s g/$l 
to a liquid Cpliaas transitioa te^psxmtuiv) 3»sftds to siagis iMlsyttr 
vesiels of 0^0*600 A*' diaastsr and (s) Ujpossasst Tlisss ax« 
vesiolss prsparsd froa iqrathstie or naturaXlx ooourrliii phopho-
lipids* 
by intsrdifiusian of two s^ s^ous oXsetroJ f^ts solutiotts ooataioing 
ions to torn precipitate i^iii<^  ean set as a seleetiiw barrier or 
aeisbrane* Sbs preoipitates exhibit varying dif lUsioaal resistance 
to differ^xt ionic species of the buXk phases* Usuallyt tbe 
aeobrane properties are Motged Inf adsorstien of ioBS en ttie sur*» 
faoe of tb@ precipitate and are studied by BMSurins various 
Physical paraaeters (3d)* 
wb«i electrolytes flow tbroug^ porous Mdia containing 
be'toieen ^te ions and tlie charged surflices OHA h«fe si^ficant 
effects on both the flow rate and the tnaa&wt of salt throu# 
the srettfB* Sheas factors o^ pemes^ility and salt tarams^ crt 
are of partleular is^rtanet in soil seionotf and in augr oVa&r 
areas of the pfaysioal and l ifa soieneeSf for sssuipXtSf wator 
dosallnation and d&mlopmmt of dia;i^sin£ aoBdiranss for artifi« 
ciol oreans (56*37) • 
i^ aaadlan (33) pointad out Vm sai taMli^ of ion 
axchanfisrs as aodal for biologioaX iapaas|ioi«t plianoBiBa* l&a 
exohaagars ahars ias>or^ait faatures idth living oeXls toaeauaa tlu^ 
reprssant a water filXad asero^iaeular otttrix bearing ionlo gpofa^m* 
Inor^uiie ion aKChttage aeod^ ranes are also of ooosiderable interest 
because of their attractive eLectrooh««ioal oliaraoteristios and 
ability to withstand iB^iairattit in functional activity at elsfvated 
teasieratures and hostile «ivlrca9ffi@nt C3»39)» 
Several inorganic imi ^cohange neifiirBnas developed are 
used d]m>Dical3y in nuclear te«linolo|yt ^ f^^ cells {^)t in 
hyperfiltmti^i (41)0 in ^salinatiott ihZ)$ as ion selective 
electrodes (43) t «• i^lid i^ eetro^^rte tw solid state elect»>* 
oheiaistry (44) and as aodels for theoretical studies (4$«47)* 
Flett (48) gave ^le stntctart and node of conduction of 
solid Beshraiuts such as aluednaf used in hin^ te^perati^re appli* 
cations such as the sodiu»*0ulfur electrochsaioal cell and elec-
trorefining of ttet&ls« The use of meabranes in hydroBstallurgy 
and liaste netal reoovsty i s also described* Suhharao (49) gave 
a detailed account of stzuctarttf properties and sppli«ations of 
fluoridest siliostest sireonia and thoria ^ps solid electrolytes 
' 0 
and sllirer Xim cooduetors* tlmro ia a ooiisid«imt>le tniiiMutis on 
the thftnaodysiftale atudits of MVttral aolld @l.»etrol|rt*s* B^lfort 
ing Qfiptets of iaettl»raii« prootsMs jDor Hie svparatloit of «<pioui 
affii a«ar tiM a&oibrane* aiBl»i«iHi stabili^i Ultnitleii and eXeetro* 
dialysis* It daala vitli the BatheoatieaX nadelllng of fluid flow 
azid solute dlstriUttloa in aeabn»iea* 
0«oem2l3r «ilitn an ion eiccliania aeabrane a^ paitit@a two 
aolutlona of tbe aaae eleotnilsrte tiut of differwit OMio«itratloii» 
the potential differenee tliua developed ia oaHed tlie attolnraiie 
po-^itial (2) . 
13oM aan^ i^tude and aiffi of the aenitiiwrmi potmtial dep^ nda 
on the nature of the nea^ rane end pemeating apeeiMk Xf the 
the potential v»uld be deternlned ligr tlie oonoeiiti«ti«A of the 
extexfial aolution and its ai|^ by the aature of 1^ flatd e^rgeat 
f^heraast if the Beobrane oarriea no fiassd erjaf i^ai tiie potential 
would be the aaae aa the liqpid >inetiesi potential* Honevert i t 
ia observed that several nesbraneat having m iraluable fixed 
chargsa ahow a tendency to s»aei<ate an eleetrioal potential* this 
behavleur nay be due to adaoiption of aationa or ani<nia to make 
thera oation or anion seleotive (299)* 
i i 
thiekiMftSt «TOta 8««tloit and alsai>t of ttie aeoteftiMi pr«vldi«d tbat 
Vm m&sSmum is not 3>«IIQP« Tim cKistoiuie of on oleotrle 
potimtloX aiff^rcmoe inliiMiteo ^lat tlit ayttem is fumitional (17)* 
tlio aoBbmnt petimtial i s o&o of tlio important pIqrsiooX proporUeo 
olHioryed i& wmof Molofiloal oi wtXl as artlfioiaX m^^twm®B ($t)« 
mmbrttm POUMMIOO Upoj^iUie oatlona oan bo aeoumilatod 
l»y oella or orefaimll9a osdiibitlng a aatSHTexm potmxtialt A 0 and 
the aubao^ (2ont detorednatlon of the intorior and oixt^lor oono^i* 
tratlcm of thsao ag^ta oan allow oatlnatlon of A 0 to he aade* 
Theae oonpounda have boon utllixod to ^teradno* A 0 i s altoohon-
dria and ^aoxxipXaatSi eto* (32)« 
^P* J i Aik (33) diaraetorlxod TMicle ^atoa« exhlhltins 
{aeabrane potential^ A ^ • The neaibrani potontial 0M9«*atod vlth 
aodel nasihraaos was awaaurad If deterainlag the eoneantmtlon of 
UpoidiiXie caUon (A'*'), inalde {A*)^ and outaldo (A )^^  the 
veaicXoat bgr epploying Keraat eqMatlon« 
^ ^ Car) • • 59 log — 7 T (^ > 
fhe SimA ^laraa aootbimne thao^ ry* iihloh inoludoa the 
equllibrltni of eleotroohoadoaX potootiaX of Ions at the inerihrimn 
houndriea and diffUaion of iona in the w&atanxm^ waa developed 
l3f WZ (34»33}» Soae ios^rtant aaaifflpticm aade Ktm (a) the oatlon 
2 
and « a i ^ aobiliticNi and timd t^ai*@i eoae«ati«tiMi mm unifoiv 
eonoeiitratidiis WI& (b) tlw tit0i«f«fviioe 9f imtAr aior IM mfiX«6t«a« 
The iiifo»ati«& ef tlit flurfaee eliargs i s •asMitiftl to ladatvtand 
tlie neciiaiiiaM 0Jt ImULe tfmsport and lAtaii)Cti€ai of anXuc^ id 
parUeXe wltli otaAvana ($6)« 
Alttig and Hair (57) propoaad aaathar aethod vliiali ia 
tha siodifieatiMi af THS (^tS5) aodal for tlia flfvaluation of 
x^ B r^ana etor^ dansity* After aoaa asauqptioaa* ibo finaX 
e^ cpreasicNa ia £lvc»i Isyy 
''^ ^ u<*¥ ' a^Cr^^^wrg) F r^  
whera u and v are the aati^iic and uaionie aaMlitlaat r^  and 
r2 are 1 ^ i^i^an distriliutioii ratiotta at intarHaeaat o i« ttaa 
txtamaX aoXittion aetivitgr asd R| ft r hava tbair uauaX amuiiiiiB* 
Xoliataka jd £2^ * (96«60) avaltatted « tliaoty for WMttliroiia 
charga dMiait^ and swrmialaotivi'^ on -^ lo hasia of tiMraodynaaioa 
of irrovi««ihio prooeaaoa* ^ho a f^staa oonsidarod ia ooopoaad of 
an ionia^^ie aasdtflrana of uaifOm thi^moaa i^oh aiparataa tuo 
hulk aolutiosia of a uai«uitival«at olootx^X r^ta of diffarent ooneon* 
tratiim* It ia aasuaad that tha ^lym'tmm ia iaotharval and no 
pressure ^lange ia applied aorass ttia aea&raao* Tha ioniaohle 
3 
£rmi)« am iijmd tm the mi^y«>«r nmt wm^t yMiM mmti^itm t ^ 
j^^ iaka j | j | A|^ « (61) ^mmX^m^ anottotr n^ t^eicl £»i* ^it 
aimliiittioii of iim& &mre» ^mmitf of tbm mm^mmmt B^ ssFBtrnt 
emai^md is a «ell in i M ^ a efaafftd aaH r^ttiia a^ai^taa two 
aqueamia soluti^^ of ^MimpmB^ ^ms^mitxm'U.m, mt tm «I««txvi3^ rt@ at 
the same ppeamt® mid t@si)«ratytr@* Tim tlmmt mi nat^r md imm 
«- J^ • L^ gmd w^  • I.^ ^ g i ^ «^ • L^ &m u^ (31?) 
llsire sulisciriptf} 4't *# sm& mm rtprasintA tiia oatiast 
anion mA ^mt®r aoleoiXeSf r@apaetiir@ly« «l* axv Hie fiiKia £ly]c@8« 
s 
potential ineluiins tlie e^ail^kttiafi dua to '^e ^Ktatml i<iiT9»»» 
A 8t®aiS^  @Xtetii:»K>tiir@ t&rm of a lidiaaie eall oontaininf 
two eXactrc^^tes AP mad BP i^pamt«Kl 1^ a ii«@lsraii@ i s oallad the 
biionio pot^mtial (2tt7)» fliii poteitial is a mmmxp® of tha 
atleetlYltar of a mealbmm for ttm Ions of the MUM Bi&n and has 
boon tho topie of aangr l^ooratieal and oxpotiBoiitaX studios 
n^ttmHekk (17) <SNisori1>od IIP on tiio liasls of tm ^eory 
{^9M$ as boing tlie a3L«tbrio sua of two Intor^iOisX potoatlols 
and an intomal diff^ision poti^tlal* 
Nozakl and Toyoshiasi (6^) asiro ansir theory oxplainiag 
BXP on tho hasis of thoraoc^aaal^ of irfwvorsihlo pxx^oossos* 
Uo&iki $1^ i^ A (64) aigpaaittod tho oqtiations for tho BXP by into* 
grating the flev e(|uatl«a for anion aspoeles utiloh i s ooia»»i In 
the solution placed on both sides of tho m&aSxgmam using the 
appropriate assuaptlons for the aobUitles and aot lvl^ ooeffi* 
oloits of saall lon^ In 12ie aen^rane sliase and took Into aoeount 
the effect of Idle dlffsrenoe of tho atandanl ethesolal ootential 
' * ' * * '^# ^^w ^^ ^^W""" j^HM^ *innff«vHMHMMw^M^ ^wiff aF^P <B"*ei|^ • • • • ^ p w w^^aiSk ^w^awfc M N N F WP<SP'1(^^PF iPw •Si^ip' aKw-^w*wwipi i^»^^ 
applied externally aoross the aeiahraiie* The fluxes of imss 
A» B and P are glinsn Isy 1 ^ following oaq^ressiont 
.^ • - Ujj (^ ^ (R T d In i^d^ • Fd 0 Ux) M 
Jp • - Up (^ (l^d la Sp/djj - Fd 0/^y^ ) (5) 
where J^ (1 » A»BtP) i s the flux of ionio ^eoies 1 relative to 
the fraae of rsf^ sronmi fixed to the a^ihranei vut 9^ and a^ are 
the xashili'^i nolar Gonc !^itratiem« and aetivity of ion i* 
voltaft r@latimii^l>t idiiie Hunts szad ataSmms j^otsntial. Cl"4)« 
ifti»i « i eJlocttxle tlsl4 is a l l i e d td s a^ idipaiMi »fstim§ 
tkm miremt is ssrried liiyrmi^ i tbe asa&rmiie li|^  ^is imm$ vliiob 
d@peai sfi ooadu^tiiig or fiieei ^ari» luitiif* sf t ^ atialarasis* 
Butf in i@nsr&I Qoa ssXsstiv® asiiraiiss i l i i ^ si*s aostlar paf^ t^St 
are not ooi^Xstsijr ma s^i^stiiigt botb «itioiis i»& sal^s srs 
3svi©rsl m-ttmSs %M^ mm attifily l»QS«d sii (3^m*a 2MW$ sf^ 
ti^^imtors and si^ ipositicafi sf tlit csclsntal Sdiutioa (€&«i6)* 
Xa tbe 9r«8€iit sttidii»» llie tiw^r^timi sq^tl^os giv^ 
br ti*@i Al^ig and liair» ISOM^OIB MKI fSMOta j | ii^i iiaiNi IM^A 
appUsd mA testsd ibr tlis «valusti(m &t Wm tbtmm^^mmimtli^ 
etf««tiir@ f i j i ^ ^larii dsasitsr of pd23rstp«i»s teasod mrivm 
tsUiizlte sad sttunie tuiiistata asdsl ara^nsnast 
tOfoaiiJMi lamm ^»mm UMNI to wMspsre tUt tbtoi*»ttwl «Dd olNiefir*^ 
Mea^ fstno ooBdiietaas^ dl^sarvfttlnas hamm ymm tttilixedL 
to ovsaltHito iSm aeloetiiril^ of <liff«riBt AUitM l i t tai ionft* 
]1 
fUBilllAWl tf will 
CariiM Ibtllxu^tii iwyi stiBiiles tuBUortete MPictlsl'liiAS mum 
QlbtaliMd D^f aixing rnqgntmrn •olutions of 0»Q9N Cuiiai Ai^ ranliw 
iiilfftt« (AR, ftdMr) with 0,Q9N SodliM ttUiarit* (H)H» mgkmi) 
Mid 0,09ll Stumie tiOoridt (AR, Bilwr) wltli 0.G9II SodHai 
tungstat*, CAR» 3ar«ttMii) rtsptetiirftly* Si* mnMip&tilMNi tlius 
Sbe «xehBii«ini wwrt eonvtrtod Sate K f«i«t 1*<M XCI solutiim 
iftrt dietcrsiiiiil ms ittutl (17)* ^ ttkliic laittMa imtlM of ttm lilii* 
A«r (p9l|rs^rra(ii) «iil ion «ieteaitMrSf MviifttS. MniraiiM ver* pore* 
{larod by tiM att^oA aOoptad Ijf Slddi^i f i i j^ (6dti9}* 31M pmder<d 
loa •aehrmgert wwra aiaMd «i19i polystyivMi (200 SMlO •»& prwMtd 
ttodiii* wltiMl't eonlltiMis ft£ 'feMKMMP&'titm I I H IHIIIJUM^^ 9MI 
aoiriaanQiits w&f 80 • 1«d*C «nl a$ • 1«0Pa rti9«otiii«l]r» at a pvMMBPt 
of 10»000 p«i« WtohonioaHy otcwii mrtwmOf glirlat yepraAioibXo 
fosiiXtOf vovwi obtftlnod *ftm*i Oiv^ liHi t>lliti*l.t> and itaiBito ttsutatato 
praelj^itataa w&r% aibaddad In igiH aad la J(^ by wtii^t of poly* 
otyrwo ro^^tivoly* flio iiatar ooatmta of tilt .aoihwym vtfo 
dotanslaod by ifoiijhing tb& aoatewyaoo la not omdItiiB ani tboa 
drylac la aa 9fwm at 105^ 0 to a ooastaat «oi#&t (17) • 
<s 
ill tf filittifiteilii 
flMnk^dft IHUIHIHSUIItaWMk^kJB A ^ M ^ S ^ M K ^trim VM^K^V S Wk W H M ^ f l h l H ^ Mini Ml tfMH aKAk V V r dikiik S ^K dR 
Jto^  aMflwiiis •ItoterdiMdl iMititii%iail« Tltiihriim PHISMI^IAIJI iyn& 
biiMiiii potoEitials mm miiiirod iitiss • (NMIIT tNmilJsr putaiTtloir 
SBttr at a f ixad tM9«nitiira <Nt 25 ^ 0»2^ C« Si» alvotmlrta 
aolutlMia vvrt a t imd iriiMPoiia2ar« 
Satiimtod ealmtl. alAetPwIaa CS»C«s»} m«% aoaoaatad ta 
"^ (8 aftlMilflanii iiia irn • a i r tirtiliiii flia amaan'lfatlaii vatla 
Of aolutlaoa (V • ^ ^ ) ^ * tikan a«ial ta 10« for iaattrl.ng 
BliaoLla patantJUiJta ai*iaiim aavtNM tlia sMHANpmaa laura 
saaaurad ualag I t1 alaati^lgrtta aalsitloKa la a aa3Jl af iSsm 
fonowing tgrpa* 





fop tha W(Mi iiiriiMiiiiiti af alacrtariaal aoBduatlvUHf* sraofiNlttN 
ttaad bgr Slddl^l j | jjj^ (69»70} tiaa •mi^'^ ^SM HwrtMPimi vara 
ammnvlata alaatn^brta afrlntlana* aftar tSiat ilia mliitt iMm VMPO 
nai*6iinf %iifl tlia mtiBlKPtma fMHwtwu'tetiiifta absavwitilaiia nam wKla Inr 
using a MOdiactivilsgr te-IA^i (SMi»liiU>) a t ft fM^atnoF «t 3K6/S 
ftnl at a fiscal toq^aratim of 23 • Q«1^ C» frafMnt uaa «X Udm 
ttathodl iMia SmUoated 1^1» tibava ainoiit*^  IMI no tiwHNMl i t i * at Idtw 
•Hiixsufy<HMatoanoo inlsorfiaoaa *»yf iiao of sio^ LfJLoA aii'ouri to 
•l«otrieaI potential mmmir^mmtB wKjf b« shoun •« (71 )# 
l - i • «• r / ( t « < l l i i fliM • t i d i n • jk * Iw Albft tk,g ) (6) 
)m»rt t i» tl« tmisf»r«iiot auilMrt • is tUt •ttivityt 
«M ttat flifBibols C» A Md V tmtw to Mtieiit flAi«a and uttor* 
KnovXodie of tmi^ort mabors of miri^is diffuaing 
spooloo i« iaportant to oiwimotoriao pb^ieaX aoturo of aositeviioo. 
the difforoBt o!^ ft»olioo» i»o«f aodifiod Ikiniotioii i^ ^foftiii lueid 
TM3 fisEod «liar0i tlitoxy ($4t9<^ ) msf l» uood l^r oiq l^alnlng trono* 
port proportios* On taking irailous aomiiiptionoi o^ (6) givos 
tim foXloniiig aodifiod Nomstian relation (82)» 
' c - * ^ - ^ ^ • • • ) r "^  
idiara 0n is tlia obaonrad aeotorana potoatialf 0^ ia tlia 
fiamstian potantiai and X^  ia ttm avamga tranapart aairi»ar of tiia 
oation in tlia aaaiufana pliaaa* Eq« (7) ooa INI utiliaad for tlia 
















































Ui (Aui) )ariVllN310d 3NVy9W3W 
. i 
ftetivi^ oo«ffieiiiit of Iti* «t3Lt in emmiAmewS. tkm mm la tlit 
muabrwm «• wvll us ia tti« •d^utioii I^IIM«« m% m^ib. imtrnttmoitm 
Aeoordiiii to 1 ^ tiiiofy lOd^ im «i>pXi«ftl^ « to m hlglil^ 
•<iuatieii «t a9l^ C» 
wlitrt y • ( 1 - ^ ) » u aas V art t ^ aoMUtias af tat 
eatioa aati aaioa rtapaativtl^ ia tht aaabian* stmm§ C| aad Cg 
ara tae oofieaatratloaa of tha elaatfal^ta aolutlaa on alttior aide 
of the tt3Bl»rano aad X la tha ahar^ aa tlia mmSmaxm aitrlx 
aiqpraaatd la aquiiralflat/Xltra« 
mrm in) auoaaaafnUy txtiUiad the tm mi^boA (54t$9) 
for oalcMlatlaa tlia tiaaaoort aualMir of loaa tiifauiid^ aiw^l 
aaalbxaaoa* Slallar ptaoadura la utUl»iit liaro ^9^ ^raa^^art 
auaiNMr avaluatlon aalag tba i*alatlaa» 
C^ m 
im)^^4 (9) 
vliaia S/v la tiia aoMU^ imtla and C • C*ara tba aooaaatfatlon 





































































::3 i r 
CO V~ 
O u H H 
C" 
2 
emiitrmsm liove btoii «a2eal«'teid (72) itsliig tii» foHiOMiiii d«r&m* 
tiOBS* 
] 
ta» inn ms^mm m^^^Um of c«rits« ttiMriti ftnd 
0«167Igl^0/g of Wit membrane moA 0*2060 g H^O/g of WKt 
membrane raspoetlYoly* jhe values show that both aeabz^ anss have 
low ion exchange capacititts and water contents* 
Bie mmmm potential obstrmti^is obtai^A msmm 
Itol^ stgrroBt biiMtd emixm teiliirlt* «n<l staimie tua^tstt aei^ ne^ aes 
at dlf£^<«iit OQiMM»!iti«tia»« of mrSMim 1t1 .^eol^ rolirttg «i« 
log (O^-iGg)/!. 
Tim oboervei iialuoo of nealittiit |»otoiiti«l#f ^ t ^^ ^ 
^^^Wflp ' ^w^i^^^P ^ ^ W W ^ ^ M I W * I ^ ( P ' ^ ^ ^P^P WWBPwIP'^^et ilfltWW^Ip ^Bft^r ^W' JB^^pr^BFiBf W^W^ w ^ P ^WwwUPINP •O* ^i» HiWiPJ|^^WMB*"lpe ^^^PlWiP TBP'WP*«W*'*Pfc T I P ^ P 
el«otero3$^ solutioiis and the imlata inemoso with iiltitioEi 
r^ c^shiiig upto a aaxima lisit* In ^le otiio of stotmlts tyn r^feato 
mssbmn^t the aez^retie potential iralaos are positivt wi^ all 
the Qon^antrations aM «ilso iaei^aso idth dilution* 'Hio obotrwid 
^^^^ ^ P ^ ^ ^ ^ " ^ I P ^ ^ w^^ifrP^p^PW^ wi^^iWHr g r ^ ^ ^»**^^PP ^^^I'^jPWfl^ (iPPiP^P^^sWf'^jWiifc^PH^Pftr ^ ^ P ^ i ^ % ^p -^^^^p^K^ ^Wni^^^Pi^HIK'^BW^mFviF v o e ^ 'Hr 






















































eliaraid oM mtimi sel^etiv* mad ••l*«tiYl% ij&mrtmmm tdtiti 
diiutioiiA* 3«ir«i«a mmOmm&los^a^ oMsimd aJLuder ^rpt of 
tmUmm i73$7^)» 
Tim ^ kmr^Mml mimilimam s»t»iitialji for « mtSos 
3«}.«etiiw MB^K^Mio obtal»«(l ligr usini «^* (3) for t i l «l«olf«l|ft« 
at a iixnA eamim%mUmi itttio V «iOt mm plottod «• • fimotios 
of o^of (^ in fin* a CAM>« flid 4iff«raftt OianfiMi mm ii^ 
Aitiwm^ aebillt^ mtioa {u/i)% Wm •xpttri»imt«X | ^ imlao* 
with iRKTimis 111 tJUietrolfto •s^utioas mm ftiao ^yottt<l vitli 
dottai H^DUM in fig* 2 C'MUi) foi" oeriyuB t«JLitii>i.t« mA •tasmio 
aUft ffM lag X and wliMidlac tlMiu>ctla*l «irw t n « (u/7). 
flip Dotb ^le atoiiraaMit* HiS tbmff C5^ #SS») nts »Mtf Ir Mmatm to 
•18 v«i« iiilMitltiitod iM» •%• (9) to mXoulAto IM:IUI«I of \* • 
(•qi# (7)« C^lio rtiuitji of i^O 4iff«rittt attbeds t4o#t«d te» oaiou« 
OQ 
- O O O O O 
. X O O O O O Q 
" ^ 0 0 0 0 6 0 












0 0 0 0 0 0 
80 0 0 0 0 66666 
I • 1 • 1 T 
- l ' ^ - % -"v • '^ ' ^ 





















































































































c- vf> in vf CO CM 










































givtii In tftfeuL* 4t ftm %emamm% mxtimt «f oouattr i«n iwi HHIM 
ejfVM 9l»t«iiii«l for ^ttmems^ i f valuos for WSk oloetnarto ioro 
oxpofla«itA]ar dttor«ia«<i aoisl^ raiio potntitiia vmStios lOr «to SCI 
oyrvo idbleli ftsitoMy ooliiolf^o witli ^^ it o^ imorljniStsJi^  oy^ rto &et% 
tHo viluoo «of^I f i^eh «rB giiroii la tomo 9t £sr ^ t H tDo 
aotatxTBiiitta 
Ibo tlMNnM^^ niMiloo of lfTovorail»lo prooMOOt MUI uoot ^ 
Kobotokt g | f l , (98t^tf7) to slim oovwrtO. doriiPitieni for 
•aQiloiaiiig mo oloetrlQftl poti^lol ^ niiloli oilooo liMW « 
aogi t lY^ OhorfBi aosftsn^ o o^porotoo IMO ool»tia» ^ o 1t1 
oloetroljrto of 4!ktimm^ 9mmmtx%Umm C^  aact G *^ ^ ^ fiaol> 
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H CO 1 -•H 




u. < > » - ' 
9 
oonosntratioiu 
of 9 •«• Ctl) wa^ bt «QM»Aid to £iv»9 
0^mluy - ( ~ ^ ) ( i * i - 2 < K ) C - ^ ) • • — • (12) 
whort A 0^ is tlie abaoluto value of o roduood ajwlwronio potontitX 
doflnoil l39r« 
A 0^ • r A 0 / j ^ (13) 
I^* (12) Indiofttoo that a valuo of ^ otxt a rolatlofi littwion << 
and d can b» olrtsaload ty ovaXuati&i tbo iatoraapt and tlw ialtlaX 
alopo of a s ^ t flir A 0^ a«iaiuit C^  liiieli ia ataowi in H§» 4 (A&B)* 
THa valua of totart^t ia a«Aal to 1 1 » y f»«Mi i^y^ >6 ia airatluatad* 
I t wa ahoMi tbat at flxad Y » tha intaiaa of aa appartnt traaa* 
f«ra»ea aaiibarf t * app for tlit oalon ipaalaa in a aofitiiraSr 
diarffid atabiwia ia proportioaai to tfaa iavaraa of tlia ooiitt^tra* 
tion G^  ia tha sagion of l i i#ar aait OMiaantxtttiont Uaiw V ^ p * ia 
dafinad Iqr ttm riOatiwa^ 
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S 3 S> ;S S ]K SI 
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o o o o o o o 
8 S !R K » » SS 
o o o o o o o 
;X K 5 3 R a « 
o o o o o o o 
8 5 
^ S '^  
HP O O O O O O 
O 'N **"* g g 
T» O O O O 
u 
AMI dMri^mA tawisport ma^r ra2&m i« mXh&A tim 
port HM mt 1mm talMn Into o«»iaei«tloo« Sht mOuas of 
t<4ipp« oaoiOatod ^ ytins •«• (14) • » IAKHA in tolAo 5« SUIMI* 
Ututlsf A>r A # fum oq* (1^) <^ OKplalning tlio rweoltiBi 
•xpMoalon for i/%^pp in poMr of l/C^ givM» 
t*«i^ • T w ! ) 2 ( 1 - ^ finy *? ' 
Tbla •<|juitloEi indULeates that tlie intaro^t of tha pXot 
of ;M t ..r va^  jL-» ^ ^ flaad Y allom tba vaXua of c< to ba 
t«ap9* Cg 
d[atai«liia4« Tlia plot of ^^r^ varaua ~ - for 111 alaotro* 
lytaa wm ^bom in Flg« 9 (AA&)« 2ha intarot^ is aqpaX to -^^  
ffKim utiiofe c< la dat«<fliaad» fha valuaa of << & ^ thum obtaioad 
ara glvan in tafaHa 6* 
fbr tl» dUuta raii^9 tba aXopa of aqt (12) gliraa tiMi 
valua of 6 lor, 
Putting tha aiNOuatad mOuas of «^  and 6^ ia «ba ateva 
















































2 ( i * ^ ) 2 u r 6 
to obtftia ttm imla« of e^ • 
Tim two iraOiaM of e i#o* 6^  wid d^  Ootonaaoil Dran 
oi^flito liaito iliould agroo with ono onothtr for tlio wrifleo* 
tlon of Sotetoto aetliea £»r oogr aoitorsiMh^ootraljrto ^rstm* 
tlio ¥a2uos oro glWH la ta^o 6 for lK»tli tiio walaaraaMMi ifhieh oro 
^000 to oftoh o^iort tliorelqr oonflndBg 1 ^ AiitoMlitf of 
lte^Tliftt*fl MOtlted t o OUF i a o r p S l i O INENMlpitotO •tlsdMWEMMI* 
Qnoo tbt yoriMotoro ^ • ^ ond e oro kamm for o 
aoabnuBO olootroX:rto ^stos* t ^ tlioorttioal ^ jB^  imtmm G^, c^ ^^**^  
ior a givta vaiuos of Y ««i bt ovoluatod ond oon Iw ooq o^rtd 
v l ^ tte oormi^oniiag oiq^riMatal obformtioa* fbr Mda 
ooii^ arioMi «q« (11) My te tirlttiii in tiw foUowliig forsi ao 
#afi;goot«d lagr XobotRko (77) • 
/ ^ * o^ \ 
(t'^-i) 
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Y • t^ Tlie mOats o£ (" '• ' ' ) ovOufttwl mst faU on a 8titti#it U M 
t ^ - 1 
whlefa !»• unit idLopt and iMissta t i^roui^  tlie origlii liiMi plottad 
ag^ixiat log Z» to vorliy tho mOl&ltr of •<!• (11)* fl i* 6 (A^) 
ahovd that thaaa theof^tloal i^radletioo tt^m wm^btf^^m |«tflntlal 
givan bf Xi»teta]» f | jj^ toonit out <pito satiafaotorf to our 
oxperlaoittal roAilta* 
Koliateka f | i2i* (96) ilvcfi anotbor ppootiufv ior 
ahamotarlnatloii of n^brefiea in toroo of p«raKiol«cU.vtt3r ilili^ 
a»i3r 1M7 appU«€ to a ^rsteia irtvaipaotlvo of ionto as>t««afi« tho 
aaaa ti«naf«r«Kioe mafeer of anloii t . in tho amii^ aaa U «;i%aa IqTf 
^ , . (^ 5 ^ • 1 J^ • ^  
«••» Se 1 • O^- « — * • , Ill II iWMH Ill I I I I I , I««I I I I I I I I I I I«»«IIWMI»BPI»MW>I. % f 8 / 
On tiia otbwr Iwintf aissaroiit tranafiU'WBoa nuiriHtt* 
t«app# ia iSafiiiod lisr t ^ f^lovliif oq^atioiit 
A jj • -• - ^ (t -2t-^p) a» V (19) 
*&» ditt9tm»9 h^^mtm t« and t ^ MM tmxoA to \m 
l«s« than 2Si vitbia ulidta raago of alaetrolyta oamMAtration 
(58)t If t . 18 rc^ Oaoad Hy t.^ ^^ and C Uy ^ | ^ • , •«• (18) 
i s applieattla aven uliaa alaatroljrta aonaantrntlona an tiM tHO 
sida of the aaaAtrane ajra diffarant* RaattmngmBant of m^m (18) 
1 <• t -<^ 
2£S = Pa (20) (4^ 2 ^ 1 ) | ^ - ( 2 ^ - l H f t ^ 
Ham Pa is a ataauna of the paroaaiaetiirity of tha awiMnaaa* 
Fbr tha avaJuation of tha affaatlva fijiad aharit danail^ 
ffXf tha vailoua mika% a of parnaalaotivitgr )^ » ail** taieiilatad 
\ff aatoatitating tha iraluaa of ^^^ msA t _ la aq* (iO)» ahiah ara 
jpiottad a^ainat log ( """'"""^  • } aa ahaiai la !!§• 7 (Adfi)« Iha 
tam ^ is tha futio hotaaan tha ovarmaa oanaantratiaa C and 
tha affaoUvie fiaad oharga danaity X^* i,a«t ^ « | | * , tha unit 
of C and 0x ara anpraaaad ia tastta of aq^lYalaatAitra* Mlian 
tha Qfvarasa ooaoantratiaa C is a<|iMl to tha affaetiira fiaad 
eharia dansity 0& i,a«t • • ^ • ^ • It tha iraiaa of Pa aiat giva 
^ I m m 0*44i8 £roB iaft hand aida of aq* (20)« Iha oorraapondiag 
^neaatnttiae ia ohtaiaad froa tha Pa varaaa log ( """•"^  » > whiah 
givaa tha vaiisa of tha oattbrana fiaead eharga ttonaity 0IU Tha 
5 
values df 0X «v»lu8ttd t»r murlout 111 •UAtroSgrtt* MP* giirto 
la tftttlM 7 and 8 f (^ e«riua t«llsarlt* and •t«iiii« tunfttatt 
Bttiti>fttiia« ra^tetivaJ^* Zt la oMmrwA trom flfi* 7 (A8S) tliat 
pafasalaetlvity of botli Hio atad»«iiaa inoroaaaa iiitb dUatloii* 
Tha ardar at aaXaotivitar of aaabranaa tonerda oatloaa rasiraaant 
laia ^MUmfimr of waakly tiiiargad oatloii «i^iaiiia at&ttemna* At 
Xow alaotfolyta aoneaatmtloii ttai^* la lil||iar« tha lii#ior tha 
aafflbmia affinity to abaort) tho oatlooa* l«a#ff tlia h l i ^ r tha 
Intamal ocmeantratloa* Hovavarf aa oonemtratloii liKraaaaa aora 
and oora oolona mtar Into tha ngmtiratia pofaa Qauatai tlia olaaarwod 
daoraaao of salaotlvlty (74}« Itia abUlt^r of tlia MiriMonaa to 
axolAida oolona asluia tHaa pamaaXaotliw (2)« 
1 
The v&Xui^  of Pa ara j^ t tad afalnat ' _ . ... •- '' * - for 
NaOL and KQ ala«ti«2|rtaa wltli oarlun t^Uurita and ctaiBiie 
tunflttata aaiitoiiiaa raapaotliralyt aa ahown in VX^ 0 (A&S)# Zt 
oan hit oboafiwid that tha llna iranBaa tturau^ tlte oidfilJi with unit 
al^ pOt idiloh atoowa 1 ^ i^ppUoalillltr of Koteatate f | §^« (SSf77} 
darlvationa to our aanlaaaa^ZaotroZjrta ajrataA* 
tsaaaka aaad oa^tmrimrB (61) davaZoiiad anotliar aatliod for 
tlia datarodaation of tliariiodynaaloalZy affaotlve fljnd tiMTfa 
dmal^ idilofa ia baaad on tha tliernodynuiiea of irravarallAa 
prooaaaaa* Tarloua a<|yiationa whl^ Involva dlff^ialon potantlaZ 















































• v * 
O 
•tabraiM tod «l«otr^t« atihitijm i»t«r£a«t on eitlitr «l(l« of 
-A0. . f ( f ) ( I t J - ) | * (21) 
iq* (2t) prvdiets « Untar ralatlooirtilp te^Moa 0m and VQ • 
1 
TlM «(pariaKital2y ohmarrtA «alu«t of |b for dlfftivat tXaots^* 
XsrtM at irarifMS ooneentftttioiis of C^  art t^ wwa in fUU 9 (A^)« 
7tit alopoa of tike omnia givo tba valuoa of ttjama^ynamloally 
offootiva fiatad ettarfe daaaitgr iMeli aro gLrmi in tiAHaa 7 aatl 8 
for polya^rrana baaad earlua taUutlta asd atannie tungatata 
awabrwDaa iraapaetiiraJ^ * 
*faia,aa 7 and S aliov imXuaa of fljaad aharfi danai^ obtalaad 
bar diffarant aa^ ioda# It la olaar tna tbsaa vaXoaa tliat affaotiva 
fIxad dmrm danaitiaa ayaltiatad fef diff arant natiwda ara oloaa to 
ona anotliar* 3liaaa findiaia verify tfaa a^Uaatoili^ of uaad 
tiiaoriaa to our ntnteaaa^  eleetrslyta aoratan* In psiaraX ttia nafsi* 
%Mla of tbaaa wlttaa of t point tonarda the faet that tlia poSjr** 
Btgrrena Iwaad oarluai tallurita am ataanio tungatata a«il»raBaa 
have law daoai^ of fixed obargaa* 
Biianie potential naaaureamta aara oarriad oat toy inter* 
poaittf tHa aairi>i«na bataaan two different t i l aXaotrolyte aoXutiona» 
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3 i 9S 
0 
i^rortilMi and ^ai ld (64) ^SUNKI tiit J^aioidiifi 
^Pl>i>i^ i*l«t« Maaptl^ot f«r Hit aoMlitiss mA Antiirilar oo« 
i3:i'«^"aiaC%/%)*ia[c<ifA*i)/(aim*i)jJ ^ C22) 
wl^ wr- %/% if t ^ #«Xt«ttTity &mmtmt &£ ma^f&m fw positive 
(a j ^ i ) In I ( i ^ * 2 i i ) / ( i ^ * a j ) ] •aajc^i f^^D/C^gf i) ] 
1 • j 1 • (SKIS /^01)2 I (8*A or B) (25) 
f^  is tlm mUmaie mMU.^$ inmh or B) and J i s ^MI olao^r^ 
a 
t n f^ S 9 a 
• • • • ift N m o 
ft s « ;R 3 » 
• • • • • • 
<<r tfv t«» a> c^ o 
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In orter to «f&]siftt« Vn Ami 0X/t^ ^l» f^tUowtaf 
In 
Ju{Z^ %^f 0t? • 1 
yi*(2C^ Kjj/ 0X)2 • 1 (26) 
MOmrv C« and C« «f<« «te ooaotii^ rtttiwcis of elootfol^rto aoautiona 
on oitiior sido ot tte mmS»BB9 ant Y i« the oonoiBtnition i«tio« 
f]i9 «i9antioo of oq* (26) In powm of 1/ct # wltii flKtA OQiiotiitra« 
tioa n t lo givnif 
- ^ . ( f ) r ( t - | ) l n Y -2(1*^^) (f^) ( l . i ) 
iM) ( ^ j ) • J^ (27) 
T^ appor i^t ti^naforinoo mnO^ t^^^ for «iion la 
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OB iatrodaeiag tq* (27) i&to sq* (23) and »aqt>andJng 
1/t,^ tts a powtr s«rl«« in t/C*^ ^ ^  tl» ^Howing aqiuatlon ma 
obtaiatdt 
r r - - VM* CV'*) j (r-t )/xinYi ^¥ ) C-RI- ) • • • • . • (29) 
app J *H ^ J^  
&q« (S^ )^ indUleataa ^lat 1 ^ Intartoi^ t md tbe s^ p^a af a plot 
of 1/^ against 1/^, at fixed ^ firoa Fig* 10 {Am} allowa 
tha oalaulatioii of tha iraluaa of V^ i A>>A t^% i i ^ ^ am giiran 
in tabla It f»r liotii tba aaabranoa* timmt valuas of V^  and 
0X/%{ v«s^ utilisad to avaluato the valiytaa of gH firoa aq* (aS) 
ituMch art £iv@f) in tattlaa 12 and 13* Qam thasa paranaters for 
^^wips^^a'ia aaa«ww T>Mat^P»i^w(a'^ '^<ai(^ v^v wfjf •SP wiii^ ^WBP ^wa^i^^paaiB «(pa^^p v^^na'41 i^i^ sw^Brt>p»^ <^ waf ^^^^ ^^a^^a ^a^^^n^^a w^ 
tioal B2F at aair aleotivlyta oonoantratioa using mi* iZ2)* Tim 
rtOsim of BIF tlius oalouiatad witii HaaHUia and isa«ilaa 
alaotralyta pairs for oariun tallurita aBsbraaa and idth Kd-t^d 
and KCX«£4.d alaotrolyta pairs for ataiKiio tuagstata anabrana 
art plotted in fig* 11 (A&B) and ara ibmm with solid linas* 
Ttw oba^ rvad BIP VSIUM ara also piottad in ttia saaa grapli witli 
dottad linos* Zt i s i^ ^arant froa fig* i i isM) that thara i s 
agraoa«at t^ etnaan tha ol>sarvad m& thaoratiaal valtiaa of BIF for 
polystyrfna basad oariun tallurita and stannio tun^itata asrahranas* 
It iaay ba eondudad that tha thaory of axp davalopad bgr Toyoahiaa 
and Hosaki (64) based en nonaquilibrlsia thenaodyaaoios Is appli* 
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"jHR I H R ^Wk: N M I 
wli^v a*^/ a^ n f 0^/ Ug i V g/v ^ iif« the ft6tivi% imticw ©f 
th« 903;uti^ 9t y^UTi^ sidO oo«fflei#iit8 of ioras in t ^ mmibmmB$ 
and the ratio of tlie aotiirit^ ooaffieianta of tiitt io»s« fli@ 
a p ^ i s Ef Tf 2t aM f ^va tlieir umtai siaaaiiiii* 
aa alioan lay k^Mio and l^ maan C?S|79)t 
proviaad ^ ^  • ^0 aad tlia difiuaioa oaaffioiosit ara f*i«piaQa(l 
by notaiiitiaa (78)« ii^Mia (79) ai^ praaaad Urn im^am mmWmm 
wliere t^/% ia ^le iiitimiai^ la*aiiia tat&mtmmm% ratio aM s^ i ^ 
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tf\ 0^ •# 
•K ifk «# 
3 E 
S S 
8 ? 8 ft 5 R 
8 
0 
t3m rsspoeUiPi ^tmetiim womi A ^  is the ema^eWtity &£ ^ e 
mmhram f#r iim At ftndi A ^  is tl» oooittetivi^ of tlw mm^amm 
for ion B» l^2rtlasn»r»t i t was i^ omi ttast i^/o^ - ^t tto 
selsotivilf* fitis m Mbctittttieii lAto tq* (32} gifWf 
* - « - » ^ V "li; '•••"'"• ) ( 3 3 ) 
% '^ B 
ftotts» ^Mi mtios of aofailitiss w^wm rsMtsd tid l^m 
dieoidaX «Bd siseftri^a. prop«z*tids #f tlis »HiNEw:i«s« Eqt* (31) 
ims usodi to «a«ylst«di i$m iatmamSamm a o M l i ^ fatios ^^A'g* 
the simSustsd iraMes of % / % «i« fiina in ts^« 14 fiwr e«ntiiB 
tsJJUxrits 3^d staiisii« tu&istats a«B r^aiMi8» 
various i^noaatrfttions witlt itiff«riBt eiootrol^'lss ar« giiwa in 
7abl« 15 and ara aiso ^ottsd in H i * 12 (Al®>« Xt is apparotit 
wMp i^i^ ww • i^mpw w ."^ ^ffTPiwai" ji^ ap^^^M a» ••sw**"^^"* ^wwiww ^pai^^^BwwwTBi' a^^aaw(iPwr ^F*ai<SMianHiF ^Hst T U •» i^p^aiwia ^PIKBP ^^^^^K^|J 
othar ^ivostipitE^rs (1f62t67) alao olNHirvad p^aeuihBiea of 
mtmhxwsutt ootiilyiolaiiiMi imlaMis upoti iSbs oWMMBilxttti^  of liitliiiis 
elaetroijr^ soliitifms* asitli and mmtimm (67) obosrvoiS ttos 
oonoentrati^* fiia Itik 12 iMM} tSsoim t M t Hie owniytolaiioo of ^te 
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mimtamm i&ereasea aliaost Xiatarly irith mimrm root ef oone^a* 
ts«tidit of te^ULng dXsetap&ljrtt «o2iiiti«iis and attains a Bixirania 
lIMtinf iralue* IMa ItelniriiHir jmf h9 ^ 0 to tlia li^raasadi 
obatrueti^i of tkm poli^fmr aatrix at dlflk&sioiial patlswars bocKsiaai} 
fiioro tortuous in ooooeRtratid 8o2utl<»i» I t i s also olMionrod tliat 
at M#ar omieontrati^ Eiy tho uy^ taiit of salt fagr ae^vam i s 
hli^ lsor i«lii«h remiXts in laermisod va3uM of alootilOBl o»ictue«» 
tiffioo* O^ioso oE»|HiolO€ of foots «i»erBt« stniltwMoiisly «t M#or 
ecmeentrntlim as staoifa la ltg« 12 {AM} moA a stato i s roaeiiodl 
Stie valiAos of oiootrioai ocsadiioti'vil^ z«tio lor oa^ 
olootroiyto imir was usod to ovaluatoil se3.oetivitr# 1 ^ froa pro* 
dot^ E s^lBod iral»os of U^ /U^  1^ usliii Of* (33)* 1 ^ iraClAtos of 
seiootivitjr K^f thus ovaluatod art givon in talalo 16 ^r ooriaa 
tolliiTlto and stsfsiio ttaiigstate sio@branos rospootiiroljr* XSie 
aemlwaxto solootivit^ if^v 0V017 e i o e t r o l ^ IMidr iaoroasos wltli 
dilutioa* 
t^ ie aselaniae oon^ietaiioe iraiiios (l^blo 13) also 
rof^ to tam foliowlag iMiiootlvit^ SMiisnoo §9W t ^ allHdi eotai 
M* 4 Ha* <(^  8* 
EisaosMm (dOfSI) points out tliat ^m soiootivitr ^ponds 
upm the mar^f of g^rdratioii of im sito intofaotioa* l\9r ion 
exeHm^e^m wltii tix»A i3mte» iroups hsvinfi wwik fiftM strwigtfof 
t2ie s6X«etiirity a«qy«i»o« i s ionr i^atd ^ 6i££mpmm In t ^ 
hydmtloo wmrm 9£ emmter imm* In m t^i mam tb» mt^m^em 
Li* (^m* ( K* /^m* (^ C9* i s foU«f«i» 
ti)0 £ls«iiaaii*3li«fT3r «»di^ C )^«82) of Mi^ i»r»Eio mlei^Writ^ peittt 
towaMs tli« uttale ti»M stf«»g^ of tiio dmri^ p^oupi attai^b^ to 
th« saoal^ iiQiis aatrix* tl^ia i s ftlae in aoooi'dMi^ o w i ^ •sriier 
ei^Oustod dwr^d ^Immity IPRJUIM* fiiis soq^ yiMieo aiao aimm l^at 
ionie ipoeios retaias tba lir^mti^^ tdmH s t iosst portittUy Cs^ )# 
otusr wQiliort s i i^ o^sorvid siiaiaAr Mioetivity btNetiour of 
various mmimnmM C66t8?)* BOBS J | i |^ (64) itbmKtmA ^ust ^le 
BUR ooB i^ielsiBieo fop tiiTfiii s o i ^ iotui aJLso follows l^ bo sisULKP 
samrsy mm&tf ttm \m ut i i im i» mus^A^ tim soiootiirilir Is^tsYiour 
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